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INTRODUCTORY NOTE 


OLLOWING the scheme of this investigation as outlined 

in the previous reports, this publication forms Part III 
of the main Report. The period of these observations 
overlaps somewhat the period of those dealt with in Part II, and 
extends from November 1922 to the end of March 1924. The 
observations taken during this period were chiefly confined to 
those on the wave-lengths of 450 and 600 metres, although 
towards the end of the period some special experiments were 
made to obtain a direct comparison of the effects obtained on 
various moderate wave-lengths. The shorter wave-lengths 
employed correspond approximately with those used in the appli- 
cation of wireless direction-finding to marine navigation; and 
this, together with the fact that one of the observing stations was 
suitably located on the East Coast of England, was used to 


_. advantage in the compiling of a large amount of data which was 


of direct practical value in addition to the more purely scientific 
interest of the investigation as a whole. In this connection 
some of the observations discussed in the present report were 
taken on certain ship transmitters which sent special signals for 
the purpose. The results of these experiments have already been 
mentioned in previous reports, and are discussed in detail in the 
present one. They are considered to afford valuable evidence as 
to the reliability of wireless direction-finding at all times and 
its freedom from errors when employed under the usual conditions 
demanded for marine navigation. 


A further departure from the usual routine of the other parts 
of the investigation was that on these shorter wave-lengths, Dr. 
Smith-Rose was enabled to make use of a transmitting station, 
erected at the National Physical Laboratory, Teddington, for the 
purpose of carrying out special experiments on such matters as 
the effect of the shape of the transmitting aerial and the effects 
of wave-damping and of wave-length. These experiments could 
only have been carried out by the aid of a transmitting station 


vii 


under the complete control of the investigator, and the results, 
which are described in their appropriate place in the report, are 
considered to have fully justified the employment of this station. 


This report brings to a close the comprehensive investigation 
of variations of apparent bearings of wireless transmitting stations, 
but it is natural to find that a number of problems has arisen 
directly therefrom, and each of these is being investigated in the 
continuation of the work of Directional Wireless Committee. 


HE eM LER 
Chairman of the — a 
Commuttee on Directional Wireless. 


April, 1926. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
16 Old Queen Street, : 
London, S.W.1. 


VARIATIONS OF APPARENT BEARINGS 
OF RADIO TRANSMITTING STATIONS 


PART II]—OBSERVATIONS ON SHIP AND SHORE 
TRANSMITTING STATIONS NOVEMBER, 1922—-MARCH, 1924 


SECTION I.—INTRODUCTORY 


(1) Extension of the investigation to shorter wave-lengths 


| se inauguration of the investigation into the variations of 
apparent bearings of wireless transmitting stations was 
described in the preface to Special Report No. 2.* It 
will be recalled that the investigation was commenced (on wave- 
lengths of from 2,000 to 9,000 metres) by the installation of a 
number of Robinson frame coil direction-finders at various British 
Universities and Government experimental establishments. These 
observations were commenced on 7th February, 1921, and con- 
tinued without a break until 30th June, 1923. Some further 
observations were carried out at a station in High Northern 
faimudes “between July, 1923, and April, 1924.° On a much 
reduced scale also daily observations have been made at one 
observing station from September, 1924, until December, 1925. 
All the above observations were confined to the comparatively 
long waves between the limits of 2,000 and 12,500 metres. | 
Very early in the progress of the investigation the desirability 
of extending its scope to much shorter waves was realised, and in 
July, 1922, arrangements were made to carry out these observa- 
tions, special attention being given to the wave-length of 450 
metres, which was at that time in general use for direction-finding 
in this country. Owing to the fact that only low-power trans- 


‘mitting stations were in operation on these wave-lengths and 


also that in general the amplifying receivers are less sensitive, it 
was not found possible to use the existing organisation of direction- 
finding installations for simultaneous observations on these 
waves. Two stations were eventually employed for this work, 
one of which was located at the Radio Research Board’s experi- 
mental station at Slough, the other being a naval D.F. station 
loaned from the British Admiralty for experimental purposes. 
The latter station, situated at Orford, Suffolk, was already equipped 
with the Bellini-Tosi D.F. system, and as this system had reached 
a very advanced stage of development on the particular wave- 
lengths in question, similar apparatus was installed at Slough for 
this portion of the investigation. : 


* These numbers refer to the bibliography on p. 53. 
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The station at Orford was situated within a few hundred yards 
of the East Coast of England and this gave an opportunity to 
study the comparative behaviour of direction-finders for trans- 
mission over land and sea respectively. The provision of a 
transmitting station at Orford also enabled many special experi- 
ments to be carried out under conditions and at times which 
would have been impracticable with the onus commercial 
transmitting stations. 


SECTION II.—DESCRIPTION OF INSTALLATIONS 
AND PRELIMINARY EXPERIMENTS 


(2) Orford 


tite Orford station was used essentially as supplied and in- 
stalled for the Admiralty by Marconi’s Wireless Telegraph Com- 


pany. The aerial loops were of an approximately diamond 


shape, supported on a central mast 92 feet high and four corner 
masts 32 feet high, the horizontal span of the loops being 120 feet. 


Throughout all the routine observations the loops were used in 


the untuned condition, being connected directly to the field coils 
of the radio-goniometer with the midpoint of the coils earthed. 
The goniometer was of the tightly-coupled type and its search 
coil was connected to the primary of an intermediate circuit and 
tuned with a variable air condenser. The secondary coil of this 
circuit was tuned with a second condenser, leads from which were 
taken directly to the amplifier. In the original installation a 
single stage of high-frequency amplification with tuned anode 
and grid circuits was employed, followed by a detector valve and 
two or three stages of note magnification. Later this was replaced 
by a standard type of 7-valve high-frequency amplifying detector 
followed by two stages of note magnification. With these 
arrangements wireless bearings were usually obtainable on ship 


and shore transmitting stations at distances of one hundred miles: 


with an angle of swing at the minimum down to 1°, z.e., the angle 
at the minimum over which no change in signal strength can be 
observed. Although the intensity of this minimum signal 
strength could be reduced or even eliminated by a reduction in 
amplification, no gain in the accuracy to which a bearing could 
be observed was ever obtained thereby, and, as will be seen later, 
other inherent defects in the apparatus and conditions accompany- 


ing wireless direction finding in general made it unnecessary to 


strive after greater accuracy in these experiments. 


(3) Slough 
At the Slough station the set was also of the Marconi-Bellini- 
Tosi type similar to that at Orford, but of a more temporary 
nature, particularly in the matter of mast construction. The 
set was of the portable land-station type, as formerly used by the 
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British Army, with triangular aerials supported on a 70-ft. central 
mast and a horizontal span of 200 ft. between corner posts 
10 ft. high. The receiving arrangements were identical with 
those at Orford, with the exception that the whole hut containing 
the apparatus and the operator was screened with a lining of wire 
netting of l-inch mesh. Measurements within such a screen 
have shown that the strength of field of an incoming electro- 
magnetic wave is reduced to about 5 per cent. of its value outside 
the screen.) This resulted in the practical elimination of all 
direct pick-up of signal on the intermediate and amplifier circuits 
with the 9-valve receiver working at its highest sensitivity. It 
was seldom, however, that the signals from the nearer transmitting 
stations (e.g., Teddington, distance 11-5 miles) were inaudible 
at the minimum position of the goniometer, and an angle of 
swing of about 1° was necessary in the taking of bearings. This 
was evidently due to capacity coupling between portions of the 
apparatus within the receiving hut, but as an instrumental accuracy 
of 1° is all that has been aimed at throughout the whole of this 
investigation, it was not considered expedient at the time to try 
and improve the apparatus beyond this stage. That the appa- 
ratus did satisfy the above limits of accuracy is confirmed by the 
fact that at Slough under favourable conditions the angle of 
swing through a silent minimum used in observing the bearing of 
a ship’s transmitter over 200 miles away was not greater than 8°, 
of which the mid-point was certainly the apparent bearing to 
within 1°. There were of course many occasions when con- 
ditions external to the apparatus were very adverse and the above 
accuracy was not attained, but these must be regarded as dis- 
advantages of wireless direction-finding as such, and must not be 
attributed to the particular apparatus used. 

For the observations carried out on continuous wave trans- 
missions the signals were received on the heterodyne beat-note 
principle, using at both Orford and Slough a screened local 
oscillator as previously described. This type of oscillator has 
been found equally satisfactory on all wave-lengths employed in 
this investigation. 


(4) Personnel 


While the author took an active share in the observations 
carried out at both direction-finding stations, he was greatly 
assisted in these observations by Messrs. R. H. Barfield, M.Sc., 
S. R. Chapman, M.Sc., and M. G. Bennett, M.Sc., at Slough ; and 
by Petty Officer R. Taylor and Telegraphists G. “A. Williams and 
D. Connolly, at Orford. 


(5) Comparison of the Practical D.F. Systems 


In view of the change of the direction-finding system which 
was made as described in Section I, it was considered necessary, 
in order to maintain the continuity of the general investigation, 
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to obtain detailed knowledge of any differences that might exist 
and their possible effect on the results in relation to the object of 
the whole research. At the time of the commencement of the 
investigation (1921) the knowledge possessed by various authorities 
on this point was somewhat hazy, and much debate had taken 
place on such points as, for example, the relative magnitude of 
“night” errors experienced on small and large coil direction 
finders. 7 


In addition to the Bellini-Tosi and Robinson systems, the’ 


single rotating frame coil is a third practical system which is in 
use to-day for some purposes. A consideration of the simple 
theory of these three systems shows that there is no difference 
between their basic principles. In each case the reading of 
direction is made as the result of some portion of the system 
rotating about a vertical axis being set in the position in which 
there is a minimum, or in the ideal case, zero E.M.F.induced by the 
incoming waves. The methods of assembling the apparatus and 
detecting the above setting differ, but these do not affect the main 
result. 


Farly in 1922, typical installations of the three systems were 
set up at Slough for the purpose of making an experimental com- 
parison. Later in the same year the availability of the Orford 
station enabled a further comparison to be made between’ the 
permanent Bellini-Tosi set already installed and a Robinson 
set temporarily installed for the purpose. 


These experiments extended over a period of several months 
and the results obtained, together with a full discussion of the 
theory, are given in detail in a Report previously published by 
the Radio Research Board.“ The conclusions drawn from the 
experiments verify the theoretical deduction as to the identity 
of the three systems in fundamental principle. Whereas each 
system is accompanied by its own instrumental and observational 
errors, the design and construction of the sets employed was 
such that these errors were of secondary importance in this 
particular investigation. Whatever distortion is produced in 
the field of an arriving electromagnetic wave by geographical 
features, etc., and whatever may be the cause of the variations 
experienced both by day and by night, all three systems are 
affected to the same degree. 


It was thus satisfactorily demonstrated that this ‘investiga- 
tion could be continued on the shorter wave-lengths with the 
Bellini-Tosi installations in place of the Robinson sets employed 
in the part of the work on the longer wave-lengths. A further 
point settled by these preliminary experiments was that, as far 
as local errors and the magnitude of the variations were con- 
cerned, the site at Orford was quite comparable with those 
employed for the other installations. It will be seen later that 
its situation on the coast was fortunate in so far as it permitted 
the study of the accuracy of direction finding for transmission 
entirely oversea. 
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SECTION III.—OBSERVATION PERIODS AND SUMMARY 
OF RESULTS 


(6) Periods of Observation 


On the completion of the experiments mentioned in the 
previous section, a few weeks were occupied in training the 
observers at Orford in the manner of attending to the require- 
ments of this particular investigation. The regular daily observa- 
tions of the apparent bearings of fixed transmitting stations were 
commenced on 6th November, 1922. Owing to the necessity 
of interspersing various special experiments among these regular 
observations it was not possible to maintain a constant cycle of 
observation periods as in the work on longer waves. In general, 
two daily observation periods of four hours each were worked, 
one of these being located in the daytime at several hours after 
sunrise and the other being in the evening, beginning a short 
time before or after sunset. These periods were maintained 
until 22nd December, 1923, and the observations at Orford 
consisted in the taking of apparent bearings of the various fixed 
transmitting stations in the British Isles and Western Europe 
operating on the wave-lengths of 450 and 600 metres. During 
the same period of the investigation certain experiments were 
carried out with ship transmitting stations in the North Sea 
and also with the Teddington transmitting station with aerials 
of various configurations. The observations made at Slough 
during the above period were limited to those made on three 
transmitting stations which sent special signals for the purpose. 
This was partly due to the pressure of other experimental work 
at Slough and partly to the fact that observation on the 450 
metre wave-length was extremely difficult at times owing to 
the interference of harmonics from certain high-power trans- 
mitting stations. 

At the latter end of 1923 a series of special experiments was 
begun, consisting of continuous transmissions over 24-hour 
periods for the purpose of investigating the effects observed at 
all hours of the day and night. These experiments were carried 
out on various wave-lengths from 450 to 2,600 metres and on 
continuous and interrupted continuous waves as well as on spark 
transmissions. 

All continuous wave observations were obtained with the 
use of the screened oscillator at the D.F. stations. 


(7) Statement of Results 


During the whole period of working, the total number of 
observations obtained at Orford was 16,596, and a summary 
of these is given in Table 1, this table having been arrived at 
in the same manner as that adopted in Parts I and II of the 
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Report. At Slough the number of observations collected during 
the same period was 6,692, and these are summarised in Table 2. 

These tables are self-explanatory in the matter of wave- 
length, distance, true bearings, mean observed bearings and the 
variations obtained by both day and night. The distribution of 
the transmitting and observing stations utilised in this part of the 
investigations is shown on the gnomonic chart (Fig. 13), which 
is an enlargement of a section of the chart reproduced in Parts I 
and II of the Report. 

In Tables 3 and 4 the results obtained at Orford and Slough 
respectively are presented in a different manner to show first 
the percentage of the observations which differed from the mean 
bearing by certain fixed amounts, and second, the proportion of 
cases in which no bearing could be observed on account of the 
extreme flatness of the signal minimum. 
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SECTION IV.—DISCUSSION OF RESULTS—DAY 
OBSERVATIONS 


(8) Definition of “Day” and “ Night” periods and general 
7g classification of the variations 

It will be remembered that for convenience in presenting 
the enormous mass of observations it has been the practice through- 
out the two previous Parts of the Report to classify the periods 
of observation as “‘ day’’ and “‘ night’ periods, the day period 
extending from one hour after sunrise to one hour before sunset 
at any point on the path of transmission. Although this dis- 
tinction has been found to have certain limitations, it has been 
used for uniformity in the summaries given in Tables 1-4 in 
this Part of the Report. 

An inspection of Tables 1 and 2 shows that the variations 
experienced in the daytime at either Orford or Slough (through- 
out the investigation) were within the limits of 7° previously 
deduced as being the maximum usually experienced. In the 
case of this shorter wave working (450-750 metres) there is no 
single instance of this limit having been exceeded and in the 
majority of cases the limit of variation is less than 4°, which 
corresponds to a maximum error of observed bearing of about 
2°. In the work on the longer waves discussed in the previous 
reports* several instances were tabulated in which the above 
limit of variation (viz., 7°) was exceeded in the day periods. 
In some cases these occurred at only one or two hours after 
sunrise but other cases were quoted in which theerrors were - 
experienced near midday. Although the matter is necessarily 
complicated by other variables in the general investigation these 
results appear to indicate that it is the observations on the longer 
wave transmissions that give rise to the largest variations in 
the daytime. It is very significant, for example, that subsequent 
observations taken at Slough on the transmissions from Leafield 
on a wave-length of 12,400 metres during 1924-25, have given 
the largest variations yet experienced for daylight working, 
although the range of transmission is only 48 miles. With this 
is to be contrasted the experience at Orford that on the shorter 
wave-lengths the “ night’ effects usually ceased either at sunrise 
or a short time before, although it has sometimes been noticed 
at Slough that the bearings of Orford began to vary at about one 
hour before sunset. 


(9) Permanent deviations 


Since the variations in apparent bearings are comparatively 
small in the daytime the errors of the mean observed bearing 
may be taken as the “‘ permanent” deviations to which the 
direction-finding installation is subject. It has already been 
stated that the limiting error of the apparatus itself is of the 


* See Bibliography (p..53). Ref. 1, p. 47, and Ref. 5, po 29: 
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order of 1°, so that any permanent errors exceeding this amount 
must be due to some external cause. From the results at Orford 
summarised in Table | and plotted in Fig. 1, it will be seen that 
the error of the mean bearing just exceeds 1° in the directions 
of 64° and 186°, but in the region between 225° and 241° there 
is a negative error which is as much as 4-3° in one case, viz., 
on the Niton transmitting station. It is interesting to note that 
in this case, the Niton and Parkeston Quay transmitting stations 

have the same true bearing at Orford and the errors of the ~ 
observed bearings were 4:3° and 2:9° respectively. This difference 
in the error at different distances in the same direction shows 
that the cause is outside the immediate vicinity of the receiving 
station and eliminates the possibility of the error. being due to 
local metal work, etc., such as has been experienced at some other 
stations. : 


+4. 
+2. 

True bearing : 
F 200 240 280 320. 360 


Permanent Deviation. 


Fic. 1.—Graph of Permanent Deviations at Orford: Mean Day Errors 
observed from November, 1922, to March, 1924. 


(Damped Waves, X = 450 and 600 m.) 


It is evident, therefore, that the cause of at least a part of 
the error is located between Orford and Parkeston Quay, a 
distance of 16-5 miles. While the larger error observed on 
Niton may be due to some cause between Parkeston Quay and 
Niton, it may also be accounted for by a refraction effect. If the 
waves from the Parkeston Quay station travelled along parallel 
to the coast line and there were a tendency for them to be re-. 
fracted inwards towards the land, this would account for the 
sign of the error observed at Orford. If the same coast-line 
boundary were operative in refracting the waves from Niton 
to the same extent the apparent deviation at Orford would be 
increased in the manner observed. | 

A study of the coast line in the neighbourhood of Orford 
shows that down to Parkeston Quay, the tangent to the coast line 
makes an angle of about 220° with the true North and that the 
direction of 230° passes for half to two miles inland and crosses 
two rivers almost at right angles. This difference in the directions 
of the observed errors and that of the coast line may be due to 
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the marshy nature of the ground near the coast, as otherwise 
the definite allocation of the source of the error is not at all 
evident. In the north-easterly direction, the tangent to the 
coast line is at about 65° from true North, but there are in- 
sufficient observations on transmissions from this direction to” 
make any definite statements about the possible refraction 
effects. 

In considering the errors experienced at Orford on the trans- 
missions from Teddington it is to be noticed that the permanent 
deviation decreases as the wave-length is increased, but there 
is no difference observable for damped or undamped waves. 
Even on the longest wave employed, however, viz., 2,600 metres, 
the error is still appreciable, being 1-4°. A difficulty has been 
encountered in explaining all the above results as a coastal 
refraction effect on theoretical grounds, and attention has been 
drawn to this in note published in Nature. 

Turning now to the observations obtained at Slough in 
Table 2, it is seen that on the transmissions from Teddington, the 
error of the day mean ranged from + 3-2° on a wave-length of 
450 metres decreasing to less than 0:5° on wave-lengths of 1,800 
and 2,600 metres. In this case the accuracy of the installation 
itself was checked by disconnecting the Bellini-Tosi apparatus. 
and placing a single frame-coil direction-finder in the same re- 
ceiving hut. In a later test the Bellini-Tosi aerials were removed. 
altogether. In each case the same error was obtained on the 
450 metre transmissions from Teddington, so that it is to be 
concluded that the cause of the error is external to the actual 
installation. 

Further, the whole field of some 20 acres at Slough was ex- 
plored with a portable single-frame coil direction-finder, and it 
was found that on the wave-length of 450 metres the error on 
the transmissions from Teddington in positions well clear of 
trees varied from + 4-6° to —4-0°, and in another position 
near a single tree the error reached — 6:2°. These observations 
were repeated in several positions after periods up to one month 
had elapsed, but the errors were found to be unchanged. The 
results given in Table 2 show that over long periods of time the 
variations in observed bearings were very small, indicating that 
there was no appreciable seasonal variation of this permanent 
error. In previous experiments it was found that the errors 
produced on a direction-finder by such local disturbances as 
masses of trees while quite appreciable at short distances, could 
be reduced to an almost negligible value at distances exceeding 
100 yards. At Slough there are banks of trees on three sides 
of the field, but the nearest of these is some 500 feet from the 
Bellini-Tosi D.F. hut. A stream about 100 feet wide in parts 
also runs along the nearer side of the field in front of these trees 
and it is possible that this may have contributed to the error. 

The existence of these errors confirms the previous experience | 
of the writer that it is very difficult indeed to find a site in this 
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country at which the permanent or local errors of the direction- 
finder are zero in every direction. This, however, is no dis- 
advantage to the station, for provided the error is constant and 
is not too large, the station can be calibrated after erection and 
a correction curve drawn up for everyday use. 


: | : Transmitting 
i80 True bea AS Station. 
178 - Melis at ga ray epg ae 


- ——ne I AR NCA Boulogne 


176 
174 


2227 True bearin Je 
220}+—»—_ x . Cherbourg 


336, rue bearing 
33 i ee eld heer ; Flamborough | 
332 Se ala a a aoe, 


True bearing 
* ae 2 


a ie Havre 


Wilhelmshaven 
I2 1926 2 9 I6 23307 14 2l 23 4 
May June July Aug.!925 


PIG, 2.—Graphs of Weekly Extreme Bearings observed at Orford 
between 0800 and 1200 G.M.T. 


(Damped Waves, A’ = 450m.) 


(10) Weekly and daily variation curves 
It has already been stated that the day variations experienced 
on these shorter wave-lengths were within 7°, the great majority 
of readings showing an extreme variation of less than 4°. In 
Fig. 2 is shown graphically a record of the weekly extreme 
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bearings observed over the course of several weeks in the period 
0800 to 1200 G.M.T. at a time of the year when sunrise occurred 
at from 0344 to 0430. The results are shown for the spark trans- 
missions from five transmitting stations situated in various 
directions and at distances of from 95 to 293 miles from Orford. 


Transmisting 


180° True bearin Station. 


178. 
176 
174 Boulogne 
224, ‘ 
222 True bearing , . 
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218 | 
. 216 
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ms | Irue bearm 
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ea . eat arr Wilhelmshaven 
en ae x 


86 WA 
= 26 28 3 | 
0235 7 9 Il 46 Is 20 
June July 1923 


Fic. 3.—Graphs of Daily Extreme Bearings observed at Orford 
between 0800 and 1200 G.M.T. 


(Damped Waves, A = 450 m.) 


It will be seen from this diagram that the extreme variations 
over a period of a week’s observation is never greater than 5° 
and frequently it is within 2°, this latter figure corresponding 
to an actual error of about 1°. Further, there appears to be no 
striking difference between the results obtained over the shortest 
range (Boulogne to Orford, 95 miles) and over the longest 
(Wilhelmshaven to Orford, 293 miles). 
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In Fig. 3 the daily extreme bearings observed on the same 


five transmitting stations are shown for four weeks approximately. 
in the middle of the period of Fig. 2. In this diagram it is seen, 


that although the variation from day to day is sometimes greater 
than the variation experienced on any one day, this effect is 
not nearly so marked as it was in the cases pointed out in 
Parts I and II of this Report.* This is no doubt partly due 
to the fact that in the present instance the observations are 
scattered over a four-hour daily period, whereas on the longer 
wave-length the period of observations of any one station was 
rarely greater than one hour and often only half an hour. 

The present diagrams confirm the conclusions previously 
arrived at in the work on longer waves, that at ranges of about 
100 miles and upwards definite variations in apparent bearings 
occur which, while being only a few degrees in magnitude, are 
definitely greater than the limits of error of the direction-finding 
instrument. Further, it is seen from the present diagram that 
there is no obvious similarity in the variations experienced on 
several transmitting stations. 


SECTION V.—DISCUSSION OF RESULTS—NIGHT 
OBSERVATIONS 


(11) Systematic error of the mean bearings at night 


From the summaries of the readings given in Tables 1 and 2 
it will be seen that in the majority of cases the errors of the day 
and night mean bearings differ by less than one degree. Among 
the remaining instances there appears to be a systematic error 
of the night bearings of from one to two degrees in the case of 
Cherbourg, Flamborough, Grimsby, Ushant and Wilhelmshaven 
as observed at Orford. The observations taken on Orford at 
Slough show a systematic night error of — 2-6° on a wave-length 
of 450 metres; while much more marked examples are to be 
found in the case of the observations at Orford on the trans- 
missions from Portland, Teddington and Tréguier St. Gonery, 
when the systematic night errors were + 8-1°, +4-3° and 
+ 6-4° respectively, all on the 4&0 metre wave. 


(12) Magnitude of the night variations 


_At the Orford station the largest variations experienced in 
this portion of the investigation were 125° and €0° on the trans- 


missions from Teddington (4£0 m.) and Cherbourg respectively. 
At Slough the observations on Orford’s 4£0 metre transmissions. 
gave a variation of 100°. The maximum errors in observed. 
bearings in the above cases were 82-7°, 59-1° and 58-5° respec-- 
tively. As has been pointed out in previous parts of this Report, 


* See Bibliography (p. 53). ..Ref.'1, p. 56, and Ref..5;p. 43. 0 La) 
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however, these large errors are of comparatively rare occurrence, 
and Tables 3 and 4 show that in the above cases the proportion 


of readings giving errors exceeding 20° is only from 3:4 to 7-3 


per cent. It is to be observed that the largest errors at Orford 
and Slough occurred for ranges of transmission of 93 to 100 
miles overland, and that the cases in which a greater range of 
transmission was employed up to nearly 400 miles, the errors 
experienced while still very appreciable, were less than those 
detailed above. This conclusion confirms those arrived at in 


_the previous parts of the Report to the effect that at ranges 


of the order of 100 miles overland, the errors experienced are 
as large or larger than those recorded for longer ranges of trans- 


mission up to the limit of about 1,500 miles covered by this 
investigation. 


Extreme Variation. 
@) 
S 


40 80 120 160 200 240 280 320 360 
True Bearing. 


Fic. 4.—Showing Relation of Extent of Variation against 
True Bearings at Orford for Transmitting Stations 
over 50 miles distant. 


(Damped Waves, X = 450 m.) 


(13) Relation of variations with the direction of transmission 


Fig. 4 shows a graphical representation of the extreme varia- 
tions of bearings observed at Orford on all transmitting stations 
at distances exceeding 50 miles. The results plotted were con-. 
fined to those made on transmissions on a wave-length of 450 
metres and to those cases in which more than 50 observations 
were made. Although there is just a suggestion that the varia- 
tions are of a less order of magnitude in the neighbourhood 160° 
to 190° than in the directions on either side of this sector, the 
number of results available on this graph is considered to. be 
too small from which to draw any more definite conclusions.* 


* Cf. Bibliography (p.-53). Ref. 1, p. 64, and Ref. 5, p. ST: 
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(14) Dependence of variations upon wave-length — 


In the last section it was seen that on the same wave-length of 
450 metres the extreme variations recorded varied considerably 
for the different transmitting stations. This fact must be borne 
in mind in considering the manner in which the amplitude of 
variation depends upon the wave-length employed. To provide 
some information on this point the observations on Scheveningen 
at Orford were specially made on the two wave-lengths of €00 and 
1,£00 metres employed by this transmitting station. Although 
Table 1 shows that the extreme variation on the shorter wave 
was 25° and on the longer wave it was 35° it is seen from Table 3 
that the proportion of bearings more than 5° in error is 25 per 
cent. on €00 m. as against 15-7 per cent. on 1,600 m. Some- 
what similar remarks will be found to apply to the observations 
recorded on the two wave-lengths of 460 and €00 metres employed 
by the Dunkirk transmitting station. 

The difficulty of drawing a definite conclusion on this point 
is complicated not only by the very erratic nature of the varia- 
tions but also by the occurrence of the phenomenon of “ broad 
minimum.” In column (5) of Table 3 is recorded the proportion 
of the number of occasions upon which the signal minimum on 
the radiogoniometer was so broad that a definite reading was 
impossible. While it is difficult to avoid some personal error 
in recording the cases in which the minimum is too blurred for 
a definite reading, it was considered that when a signal was easily 
audible at the minimum position and showed no apparent change 
in intensity over an arc of 40° to €0° the condition was one of 
“no minimum.’ It is partly owing to the indefinite nature 
of this effect that the results recorded in Table 3 are so erratic. 

Returning to the question of the effect of wave-length upon 
the variations, many special transmissions were made from 
Teddington on various wave-lengths between 4£0 and 2,€00 
metres and the resulting observations at Orford are included in 
the summaries in Tables | and 3. 

Ignoring for the moment the effect of wave damping, which 
will be discussed in a later section, it is seen that the results are 
very erratic. From Table | it would appear that the variations 
are abnormally high on 450 metres and low on 1,000 metres. 
Yet Table 3 shows that the proportion of errors exceeding 5° 
is highest on 2,€00 metres with 450 metres as the next highest, 
whereas in considering the errors over 10° the position is reversed. 
Furthermore the proportion of “no minimum”’ readings on 
1,000 metres is the highest recorded in Table 3, while those made 
on 450 metres are the next highest in the table. In some cases 
it appears that the results are dependent upon the number of 
observations made and thus upon the limitations of the experi- 
ments, but this rule is by no means universal in its application. 
The observations made at Slough on the transmissions from 
Orford on the wave-lengths of 4£0-1,000 metres, appear to show 
that both the variations and the frequency of occurrence of 
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broad minima are greater on 450 metres than on the longer waves. 
With such erratic results it can only be concluded that no definite 
relation has been established between the extreme variations and 
the wave-length employed, over the range 450-2,600 metres. 
From the data analysed in Parts I and II of this Report “#4 
the conclusion can be extended to cover the whole wave-length 
range employed so far in this investigation, viz., 450-9,000 
metres. 

There are, however, two personal impressions which the 
author would like to record as a result of experience in operating 
direction-finders over this range of wave-lengths. It will be 
recalled that on the longer waves the Robinson system was 
employed, in which the operation of the switch was equivalent 
to swinging a coil over an arc of 30° through the minimum posi- 
tion. Although, therefore, with this system it was difficult to 
explore the exact nature of the signal minimum, it was only on 
very rare occasions that this was so broad that a bearing observa- 
tion was impossible. On the shorter waves, however, and with 
the use of systems working directly on the signal minimum the re- 
sults show that the occurrence of this very broad minimum is com- 
paratively frequent and in some cases about half the observations . 
resulted in no bearing being observed on account of the absence 
of any detectable minimum in the signal obtained for different 
settings of the goniometer. In the daytime the minimum was 
always quite sharp with the consequent high accuracy in bearings 
recorded. The change from day to night conditions was generally 
brought about by an increase in the signal strength with the 
receiving goniometer in the minimum position, until the signal 
strength was apparently uniform for all settings of the goniometer 
and at least equal to the daytime strength for the maximum 
position. This indicates that at night the resultant magnetic 
field of the waves arriving at the receiver was circularly polarised 
in a horizontal plane, as distinct from the plane polarisation which. 
prevails in the daytime. 

The second impression to be recorded is that the maximum 
rate at which the apparent bearings move at night is very much 
greater on the short than on the longer wave-lengths. In Part I 
of the Report it was mentioned that the maximum rate of varia- 
tion of bearings was about 37-5° in ten minutes, whereas on the 
wave-length of 450 metres variations of about 40° per minute 
have been noted at both Orford and Slough. If the mean of 
the upper wave-length range be taken as 4,500 metres, it would 
appear as a very approximate rule that the maximum rate of 
variation of bearing is inversely proportional to the wave-length 
used. It may be possible to obtain some further data on this 
point in the further observations which are being made with an 
extension of wave-length range. 


(15) Weekly and daily variation curves 


In Figs. 5 and 6 are plotted the weekly and daily extreme 
bearings observed during the night periods for the same days 
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and for the same five transmitting stations whose day readings 
were represented in Figs. 2 and 3. In accordance with the 
practice adopted throughout the Report, the scale of observed 
bearings is made five times as large for the day as for the night 
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Fic. 5.—Graphs of Weekly Extreme Bearings observed at Orford 
between 2000 and 2400 G.M.T. 


(Damped Waves, A = 450 m.) 


readings. The time of observations in the periods under dis- 
cussion were 2000 to 2400, while the time of sunset varied from 
1937 to 2018. It will thus be seen that during a nightly observa- 
tion period of four hours beginning at about sunset an extreme 


variation ranging up to 25° was obtained and that with a few 


DISCUSSION OF RESULTS—NIGHT OBSERVATIONS 23 


exceptions these variations occur every night, with a resulting 
weekly extreme variation ranging up to 30°. In view of. the 
suggested relation between the magnitude of the variations and 
the direction of transmission: which has been discussed in this 
Report,* it is interesting to point out that in Figs. 5 and 6 the 
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Fic. 6.—Graphs of Daily Extreme Bearings observed at Orford 
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(Damped Waves, \ = 450 m.) 


transmitting stations of Boulogne and Flamborough, situated 
in directions of 178° and 335° respectively from due North, gave 
noticeably smaller variations than the other three transmitting 
stations whose directions widely differ from the N.—S. line. 


See py £07 
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SECTION V.—RESULTS OF SPECIAL EXPERIMENTS ~ 
CARRIED OUT DURING THE INVESTIGATION 


(16) Graphs of individual observations obtained over 24-hour 
periods 


Towards the latter end of the period of the investigation with 
which this part of the Report deals, a number of experiments were 
arranged in which observations were carried out continuously 
over 24-hour periods, during which special transmissions were 
made by the Orford and Teddington transmitting stations. 
These experiments were directed towards the solution of a number 
of problems simultaneously, such as a comparison of the variations 
encountered with damped and undamped waves both on the 
same and on different wave-lengths. The various special points 
investigated are discussed in the appropriate sections of this 
present Report, but it is convenient to give the general results 
here with the aid of graphs shown in Figs. 7-10. 

The tests were usually made by making a cycle of four sets 
of transmissions every ten minutes throughout the whole 24 
hours, three transmissions being made by Teddington, and the 
fourth by Orford. As is noted on the diagrams, the Teddington 
transmissions comprised a suitable combination of wave-lengths 
and types of waves, while Orford’s transmissions were confined 
to the use of damped waves on either 4£0, 750 or 1,000 metres. 

A first glance at the diagrams gives the impression that during 
these experiments the variations experienced were of compara- 
tively rare occurrence. This is, however, due to the fact pre- 
viously noticed that during the night periods a large number of 
observations were rendered impracticable owing to the extreme 
broadness of the signal minimum. The frequency of occurrence 
of this phase of the night effects experienced in direction-finding 
is indicated in the diagrams and definite figures were given in 
Tables 3 and 4. 

Fig. 7 represents the results of a test carried out on the 750 
metre wave-length in December, 1923, and shows, first, the 
manner in which the variable errors are well confined between 
the limits of sunset and sunrise, and second, the similarity in 
the variations experienced with either spark, interrupted con- 
tinuous wave or continuous wave transmission. The results of 
a similar test carried out in January, 1924, are shown in Figes; 
from which it appears the night errors were very small at this 
particular time, although the usual broad minimum effect was 
occasionally experienced. The permanent error in the bearing 
of Teddington as observed at Orford is shown up in these diagrams 
and has already been discussed. 

In Figs. 9 and 10 are shown the results of two tests made 
in March, 1924, during which continuous waves of 1,800 and 
2,600 metres length were compared with damped waves of 450 
metres. In other cases not illustrated, damped and undamped 
waves of 750 metres wave-length were compared with the damped 
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waves of 450 metres. The chief features to be noted here are 
that while, on the whole, the variations are of the same order 
on the different wave-lengths there is a tendency for the occurrence 
of blurred minima to be moré frequent on 450 metres than on 
the other waves, which, as mentioned above and elsewhere, is 
not attributable to the damped waves used on the latter wave- 
length. 

From all these diagrams it is seen that the night effects are 
strictly confined to the period between about one hour before 
sunset and one after sunrise in a similar manner to the behaviour 
previously observed on the longer waves in Parts I and II of th 
Report. | 

During the carrying out of these experiments the observed 
bearings of Teddington at Slough remained remarkably constant 
on each individual wave-length and no effect whatever was 
distinguishable as due to the different types of waves employed. 
With the exception of the permanent deviations already 
discussed under Section IV, 9 (p. 13), the vast majority of the 
readings differed from their respective means by less than 1°, 
and as already shown in Tables 2 and 4, in all but a negligible 
percentage of the readings the difference was less than 2°. 


(17) Comparison of results oversea and land 

(a) Preliminary 

In the previous portions of this investigation carried out on 
the long waves, the majority of the transmitting stations were 
situated inland, and although three of the D.F. stations were 
located on the coast, it was the general rule that transmission 
was overland for at least a portion of the total path. Under 
such conditions it was found that when the range of transmission 
was greater than 30 miles, the apparent bearings observed varied 
over small amplitudes during the day and much larger amplitudes 
at night. With the commencement of operation of the Orford 
Station it was proposed to take the opportunity of studying 
D.F. conditions when the propagation was entirely oversea for 
varying distances. The co-operation of the authorities of the 
Great Eastern Railway Company made this possible by per- 
mitting the transmission of special signals by the Company’s 
ships passing between England and the Continent. Experiments 
were commenced in October, 1922, and continued at various 
periods until their conclusion in November, 1923. In a paper 
published elsewhere a descriptive summary of the results and 
experience obtained during this part of the main investigation 
was given, the matter being considered particularly from the 
point of view of the application of direction-finding at shore 
stations to the navigation of ships at sea. 


(0) Duration and Procedure of Experiments 


The first tests made on special transmissions from the boats 
of the Great Eastern Railway Company were carried out during 
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the two weeks commencing 9th October, 1922. On a somewhat 
extended scale the experiments were resumed on 12th February, 
1923, and continued intermittently until 15th November, 1923, 
at which date the experiments were concluded, after a total period 
of nearly fourteen weeks nightly observations had been worked. 
Figs. 11 and 12 show portions of a chart illustrating the routes 
taken by the ships between Parkeston Quay and the Continent, 
and the stations at Orford, Slough and Teddington. 


The general procedure adopted during this work was briefly 
as follows :—As each of the various ships approached one of the 
light vessels or light buoys on its route to or from the Continent, 
the wireless operator warned by the navigation officer made a 
preliminary call to Orford. After receiving the reply from 
Orford, the ship’s operator sent a special code signal for a period 
of about a minute and a half to enable the observers at Orford 
and Slough to make simultaneous determination of the wireless 
bearings of the ship. Direct and reciprocal readings on the 
goniometer scale were always taken and the mean of these (with 
the appropriate 180° correction) was taken as the observed 
bearing. At the time of sending of the special signal the ship’s 
navigation officer recorded the ship’s position, as estimated by 
distance and compass bearing from the light vessel. The above 
procedure was repeated for each ship on passing each light vessel 
or buoy, the code signal used in the transmission being sufficient 
for identification purposes in the recorded readings. At the 
conclusion of each week of the experiments the log sheets from 
the ships and from the D.F. stations were sent in independently 
to the National Physical Laboratory. With the unavoidable 
exception of the writer, the D.F. observers were purposely kept 
uninformed as to the positions of the ships, the operators of 
which also knew nothing of the conditions or results at the D.F. 
stations. These precautions, together with the prohibition of 
any communications between the operators on ship and shore, 
permitted the reception of absolutely unbiassed results. 


The approximate time of the useful part of the passage of the 
various boats was from 2200 to 0430 G.M.T. for the outward- 
bound boats from Parkeston Quay to Antwerp and the Hook 
of Holland, and from 0030 to 0530 G.M.T. for inward-bound 
boats on the same routes. 


As only one observer per night was available at each of the 
two D.F. stations, a continuous watch of more than six hours 
was not considered advisable. In the majority of the experi- 
ments, the period of working was from 2245 to 0400 G.M.T., 
use being made of that portion of the passage of the two outward 
and the two inward-bound boats which fell within this period. 
In practically each of these cases darkness prevailed throughout 
the whole test. During the summer, however, when the schedule 
times of the boats were altered to British Summer Time, the 
periods worked were 0100 to 0700 G.M.T. to observe the effect 
of sunrise and subsequent daylight. 


: 
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| 
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In addition to the above special signals sent from the ships 
transmissions were made at intervals during each observation 
period by the Great Eastern Railway Company’s station at 
Parkeston Quay, the National Physical Laboratory’s station at 
Teddington, and for the use of the Slough observer only, by the 
Orford station. This arrangement was made to enable a com- 
parison to be made between the D.F. observations taken on the 
ship stations, with those taken during the same periods on land 
stations over distances of the same order. | 

In entering the readings on the observation sheets for both 
ship and shore stations, the observer recorded his opinion as 
to the reliability of the observation as judged from the nature 
of the signal minima. As previously noted, bearings on signals 
of adequate strength could be observed with an angle of swing 
of about 2°, and under favourable conditions this angle was. 
not greater than 8° in observing at Slough on signals transmitted 
by a ship on the far side of the North Sea over a distance of nearly 
200 miles. In many cases, however, this angle was necessarily 
much larger, due to the adverse conditions experienced, the 
most prominent of these being interference, flat minima and 
wandering minima. 

The two latter were very frequent in some portions of the 
test and were characterised first by a signal audible all through 
the minimum, the strength of which gave no detectable change 
Over an angle sometimes amounting to 90°; and secondly, by. 
a drift of the minimum at a varying rate round the goniometer. 
scale. 

_ Although no really hard-and-fast rule can be given to observers , 
to determine the reliability of observations, it is in general not. 
considered that accurate bearings can be obtained when the. 
angle of swing is greater than about 20°. be 

When observing on the ship transmitters at Orford the signal 
minima were always steady, excepting the drift due to the actual 
motion of the ship, when transmitting at short ranges. Although 
the minima in some cases had become appreciably flattened, 
and the observations were accordingly marked “ unreliable,’’ the 
results showed that the corresponding error in bearing was 
usually quite small. 


(c) Discussion of the results obtained 


During the whole period of these experiments the total number. 
of observations taken on the ship’s transmissions was 996, and 
an additional 3,444 observations were made on the transmissions 
from the land stations. A summary of all the results obtained 
and a detailed discussion thereof is given in the paper already 
referred to and only a brief statement of the conclusions obtained 
will be given here. 

Table 5 gives a summary of all the observations made 
(at Orford and Slough) in the form of numbers and percentages 
of bearings with varying errors. Of the observations taken at 
Orford it will be seen that over 87 per cent. of the bearings are 
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TABLE 5.—Summary of all Observations made at Orford and — 
on Transmissions from G.E.R. Boats 


Orford, Slough. 
Error in 
Bearing. . 
Number. Per cent. Number, Per cent, 
Up to 1° Bs . 247 43-6 86 220 
. page ne 395 69-7 172 45:0 
as 3° as 495 87-3 237 62-0 
yy 5° if 555 98-0 295 77:0 
SnmakOs aa 567 100-0 347 90°6 


correct within 3°, the maximum error being 9°-3. The errors 
recorded at Slough are much greater than those at Orford and 
range up to 34°, while in 46 cases no bearing was obtainable on 
the ships at Slough on account of the absence of any detectable 
minimum of signal strength for the whole rotation of the gonio- 
meter search coil. Whereas at Orford a negligible proportion 
of the results are more than 5° in error, at Slough 23 per cent. 
are in error by this amount, and in 9-4 per cent. of cases the 
error exceeds 10% 

Table 6 gives the results obtained at Orford in the form of 
the numbers and percentages of the observed bearings whose 
errors are not greater than 2° for the different positions of the 
ship transmitters. These figures show generally that as the 
distance from the ship to Orford increases, the proportion of the 
results correct within 2° increases from about 45 per cent. to 
90 per cent. 


TABLE 6.—Showing numbers and percentages of all bearings up to 
2° in error, observed at Orford on ships at the various positions 


Errors in Bearing, Error in 
Approxi- Oa ship’s 
Position of eons speeeee a 
Shi distance correspond- 
Pp. ° 
from ing to 2 
Orford. Number. rer cent: error in 
bearing. 
(miles) (miles) 
Shipwash = 11-0 24 44-5 0-36 
Cork st i 12°5 76 68°5 0-45 
sunk Vy, se 16-0 27 49-0 0-56 
Longsand a 21-5 18 58-0 0-71 
O. Gabbard oh 24-0 31 61-0 0-80 
Galloper .. ae 30°5 64 82-0 1-00 
N. Hinder i, 58-0 72 80-0 1-67 
Wielingen Se 87-0 66 85°5 2°86 
Maas ae AL 102-0 18 90-0 3°34 
All positions ..|» Various 396 70-0 — 
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The relation is not a strict one in view of the high percentage 
accuracy obtained at the Cork position, and itis also to be pointed 


out that systematic errors of about 2° had been observed on 


boats when at the Shipwash and Sunk positions and corrections 
for these would greatly increase the percentages corresponding 
to the Shipwash and Sunk positions. The general increase in 
accuracy with increase in distance, however, suggests that some at 
least of the errors arise from some uncertainty of the knowledge of 
the ships’. positions from which the true bearings are obtained. 

In the last column of Table 6 are given the values of the 
error in the position, which correspond to a 2° error in bearings 
at Orford, and from these it is seen that for the positions closer 
than the Galloper it 1s necessary that the ship’s position recorded 
be correct within one miJe, and that at the Shipwash L.V. an 
accuracy of one-third of a mile is required. Now whereas under 
favourable conditions the estimated position is well within such 
a limit of accuracy, various circumstances arose in these experi- 
ments which might considerably increase the difference between 
actual and recorded positions. Among these circumstances are 
the prevalence of bad weather, mist, etc., which made a visual 
estimate of distance uncertain, and some unavoidable delay 
between the determination of the position and the transmission 
of the special wireless signal, while on some occasions interference 
prompted the observer at Orford to request a repeat signal 
from a fresh position of the ship which was not always corrected. 
It should also be noted that all observations were made while 
the .ships were travelling at a speed in the neighbourhood of 
20 knots, and that at a short range such as from the Shipwash, 
the motion of the ship during the transmission of the one and 
a half minute signal corresponds to a change in bearing at Orford 
of about 3°. This drift in the observed bearing was very notice- 
able, but the mean of the direct and reciprocal readings gives 
the only average value which can be used. This point is one 
which must frequently arise in the commercial use of direction- 
finding at short distances and is partially avoidable by decreasing 
the duration of the transmission and observing the bearings as 
quickly as possible, in the manner adopted in the special tests to 
be described later. 

The general result of this analysis of the observations taken 
at the Orford station is therefore that under ordinary working 
conditions at sea wireless bearings can be obtained on ships 
at distances up to about 80-100 miles across open sea to an 
accuracy such that over 80 per cent. are correct within 2°, and 
that the frequency of occurrence of an error of more than 5° is 
such as to be negligible for- practical working. What may be 
termed “incipient night effect ’’ was evidenced at the longer 
ranges by flatness of minima, but no error of any magnitude due 
to this cause has been experienced. 

At the Slough station the night effects were very much more 
prominent in the way of extreme flatness of minima and large 
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TABLE 7.—Summary of all Observations taken after Sunrise, at 
Slough, during experiments with G.E.R. Boats 


Reliable. Unreliable. 
Error in bearing. 
| Number. Per cent. Number. 

Upieds bs Me aps 33°3.\ — 
[to 2° eee by 30 43-5 18°8 | 1 
DELO S” a ae mat 14 203 — 
Over 3° sf Re Cy, 2 2°9 2 

Total aS ii 69 100-0 oS 


errors in observed bearings ranging up to nearly 34°. As 
demonstrating the accuracy which is obtainable in the absence 
of these night conditions, Table 7 gives a summary of all the 
observations taken on the ships at various times after sunrise. 
Nearly 77 per cent. of the reliable readings were correct within 
2°, these being taken at distances ranging from 89 up to 191 miles. 
At the Maas light vessel at a distance of 191 miles from Slough, 
eight of the nine readings obtained were within 2°, the remaining 
reading being — 2-2° in error. . 


(d) Tvansmussions from Land Stations 


In Table 8 is given a summary of the results obtained during 
these experiments in making D.F. observations on the three. 
land stations employed for the purpose. The spark transmitting 
set at each station was employed and the wave-length of 450 
metres was used throughout. As previously mentioned, the 
majority of the work was done at night, but the day readings 
tabulated are those taken in the portions of the observation 
periods which were more than one hour after sunrise. The: 
results given are typical of those which may be observed at any 
direction-finding station when working at comparable distances 
and when the path of transmission is partly or wholly overland. 

Where the distance is comparatively short, as in the case 
of Parkeston Quay to Orford, and Teddington to Slough, no 
difference by day or night is found in the accuracies of the observed 
bearings nor in the sharpness of the minimum signal readings. 
In the absence of any interference the angle of swing at the 
minimum was from 1° to 2°, and the midposition could usually 
be determined to about 0-2°. Under such conditions the 
observed readings had a maximum amplitude of about 3°, corre- 
sponding to a maximum difference from the mean of about 1-7°, 
and Table 8 also shows that in less than 2 per cent. of cases is 
the difference greater than 1°. In the two cases quoted there 
is a permanent deviation of the mean observed bearing from 
the true value of over 3°, these errors and their possible causes 
having been discussed previously in this part of the Report. 
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Reverting to the results given in Table 8, it will be noted 
that for the greater ranges of transmissions (83 to 98 miles) the 
observations obtained by night differ greatly from those obtained 
by day in several respects. In the first case, whereas practically 
all the readings obtained in the daytime were marked reliable, 
only a few being missed, due to interference, a large proportion 
of the night readings obtained were classed as unreliable, due 
principally to the flatness of the minima. Secondly, the varia- 
tions in observed bearings at night were very much more notice- 
able than in the day; the extreme magnitude of these being 
65° by night as against 4:5° by day. Thirdly, in a large propor- 
tion of cases bearing observations were impossible at night, 
due either to the extreme flatness of the minimum signal or the 
rapidity with which the apparent bearing was wandering about. 
For example, of the transmissions from Teddington observed 
at Orford, in 69-5 per cent. of cases no definite indication of 
the bearing could be obtained during the period of the special 
signal (14 minutes), whereas perfectly good bearings were being 
obtained on the same transmissions at Slough. At the latter 
station bearing observations on Orford were impossible in 34-2 
per cent. of cases, due to the prevailing night effect conditions. 
These phenomena were experienced nearly every night and the 
extreme cases were quite frequently encountered in which no 
variation in signal strength was experienced for a complete 
rotation of the goniometer search coil, this signal at night often 
being much stronger than that observable in the daytime in the 
maximum position. 


When it was realised that the accuracy of the results obtained 
in transmission from the ships was of a high order, several weeks’ 
observations were carried out at Orford on the coast transmitting 
stations, which are on an open sea path from the D.F. station. 
The majority of these observations were made on the 600 metre 
wave, and a summary of the results is included in Table 9. 
Reference to the chart on p. 52 will show the positions of the 
various stations relative to Orford. 


Although North Foreland is the nearest of these stations at 
a distance of 49-5 miles, the path of the waves to Orford scarcely 
comes within the scope of the term “ open sea,”’ since it involves 
considerable tracts of sandbanks at the mouth of the Thames. 
For practical purposes the transmission is therefore overland 
for a portion of the distance and as a result it is seen that a 
maximum error of 10-4° occurred although 90-5 per cent. of 
the readings were within the 2° limit. The nearest of the 
remaining stations with an open sea path to Orford are Dunkirk 
and Ostend at 83 and 84 miles respectively. For these two 
stations the maximum errors recorded at night were 20° and 13-7°, 
while the proportions of the readings which gave less than 2° 
error in bearing were 84-8 per cent. and 69-5 per cent. for the 
two transmitting stations. As the distance of the oversea trans- 
mission is increased the magnitude and frequency of the character- 
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istic night effects are also increased. For example, on the 600- 
metre wave, Scheveningen at a distance of 117 miles gave only 
34:6 per cent. of the readings with an error of less than 2°, while 
in 25 per cent. of the cases the signal minima were too flat for 
an observation to be made. 

These results taken on the fixed coast transmitting stations 
therefore support the preliminary conclusions drawn above from 
experiments with ship transmitters, that for moderate distances 
of transmission oversea up to about 80 miles, the large majority 
of wireless bearings are accurate at all times to within 2°. 

It is further evident that for greater ranges oversea the 
proportion of accurate readings diminishes at night to such an 
extent that at distances greater than 100 miles the night effects 
of errors and bad minima are so pronounced that the wireless 
bearings observed would be of little use for navigation purposes 
at such times. By day, however, the accuracy is unimpaired 
for ranges of transmission up to two or three hundred miles, 
whether oversea or overland. 


(e) Results of Final Tests 


With the benefit of the experience gained during the experi- 
ments above described, two special tests at the Orford station 
were arranged in October and November, 1923, in which every 
effort was made to reduce to a minimum all the errors which 
had previously been encountered or suspected. At the invitation 
of the Great Eastern Railway Company, the writer was privileged 
to be on board the two ships participating in the test to supervise 
the transmission of the special signals and observe the conditions 
under which ships’ positions were determined. Two tests were 
carried out on return journeys to the Hook of Holland and 
Antwerp respectively. During each of these tests, after the 
first communication had been established with Orford, all 
preliminary wireless procedure was dispensed with, and as the 
ship passed abreast of each of the selected marks en route the 
special signal was transmitted for a total period of one minute 
only. No repeat signals were permitted and it is a testimony 
to the efficiency of the Orford Station to state that in no single 
instance was an observation missed on these special signals trans- 
mitted without any warning whatever. By adopting this pro- 
cedure it was possible to reduce to the minimum all delay and 
consequent error due to the motion of the ship. 

On the journey to and from the Hook of Holland, the 
selected buoys and light vessels from which transmissions were 
made were passed, with one exception, within 200 yards and 
several of them within 100 feet. Conditions were arranged as 
far as possible so that the ship passed abreast of the mark at 
about half-way through the special signal, but accurate time 
records were kept to enable corrections to be made for the drift 
of the ship during the transmissions; the speed of the ship in 
this test being 18 knots in the open sea. ~ 
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The first observation was taken during the preliminary 
communication, while the ship was alongside Parkeston Quay, 
and as in the case of observations on the land station at the 
Quay a correction of + 3° is necessary to make the observed 
bearing agree with the true value. A similar correction was 
also made for the observations taken on the ship at two buoys 
between the Quay and the mouth of the river. 

In the table of results, No. 10 (page 40), a correction of — 2° 
has also been applied to the bearings taken when the ship was 
passing the Shipwash Buoy and Lightvessel, to compensate 
for the systematic error, already referred to on p. 33. The 
weather conditions during the test varied from hazy on the 
outward journey to fine and clear, with rain at intervals, on the 
inward journey. 

The results given in Table 10 show that, assuming the correc- 
tions made as above are justifiable, the maximum error of the 
wireless bearings throughout the test is 1-1°, all the remainder 
being correct to within 1°. It is notable also that, although 
in the case of the longest ranges employed the readings were 
marked “unreliable’’ on account of the flatness of the signal 
minima and consequent large angles of swing which were 
necessary to determine the bearings, the resulting errors are all 
less than 1°. 

The test made on the journey to Antwerp was under very 
similar conditions. A strong wind prevailed throughout, and 
although fine weather was experienced, the sky was overcast 
on the outward journey. An average speed of a little over 
17 knots was maintained by the ship. The route in this case 
did not lie so close to the lighted marks, the distance of which 
varied up to 3 miles. This distance was, however, obtained 
by the “ four-point bearing ’’ method, using the ship’s magnetic 
compass, and the distance run being recorded on the ship’s 
log. The results obtained are given in Table 11, and as before, 
corrections have been applied at the D.F. station for the sector 
220°-240°, and also to the charted bearing taken on the Sunk 
Light vessel. It would appear from the table that this correc- 
tion, applied for the latter case, is scarcely sufficient since the 
resulting errors are two of the five which exceed 1°. The 
only errors greater than 2° were obtained at the N. Hinder 
Lightship, but as this was passed at adistance of 3 miles, the 
estimate of the ship’s position may not have been sufficiently 
accurate. 

The reading on the outward journey is notable since the 
D.F. bearing was particularly sharp, the minimum being located 
with a swing of only 1°5° from its mid position. In this test also, 
five readings were experienced with flat minima and marked 
unreliable, but the resulting errors are again small, three of the 
five being correct within 1°. 

A summary of the combined results obtained in these two 
tests is given in Table 12 (p. 42), which shows the high percentage 
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accuracy of the wireless bearings obtained. It is to be observed 
that throughout these tests the usual phenomena of “ wandering 
bearings” and ‘‘no detectable minimum’’ were experienced 
at Orford on the transmissions from Teddington, so that the 
wireless D.F. conditions on these nights cannot be described as 
in any way unusual. 


TABLE 12.—Summary of results obtained in the two special tests 
with ships’ transmissions in October and November, 1923 


erp GS CIS 2S A EE IS 


Reliable Unreliable All 

: observations. observations. observations, 

Error 1n : 

bearing. a 
No. Per cent. No. Per cent.|’ No. Per cent. 
| 

Up to (1° os 24 85-7 8 80:0 32 84:2 
ou ag Be Mito cs 8 27 95-4 9 90:0 36 94-7 
ass a° sa 27 95-4 10 100-0 Ot 97:4 
es ae Bi 28 100-0 —- — 38 100-0 


(f) Conclusions 


The accuracy to which wireless direction-finding can be 
carried out has both a practical and scientific interest. On the 
practical side those concerned with the application of direction- 
finding to marine navigation are anxious to know the most serious 
errors that are likely to be met with under various conditions 
and to know also what precautions are necessary to avoid these 
errors or reduce them to the minimum. On the other hand, 
there are those who, while not being directly interested in the 
practical side of direction-finding, look to the results of its in- 
vestigation for the shedding of light upon the more general 
problem of the propagation of electromagnetic waves over the 
earth’s surface. It is thought that the results of the experiments 
here described will afford some tangible information of interest 
to both parties. | 

The general deductions to be drawn from this investigation 
may here be given as a conclusion to the present section. With 
radio direction-finding apparatus of the type now obtainable for 
commercial use at a land station, the limiting accuracy of observed 
bearings which is obtainable by highly skilled operators under 
the most favourable conditions is of the order of 1°. To 
attain such an accuracy careful attention must be given to 
various details of the apparatus, and the installation must be 
calibrated somewhat elaborately for any local deviations. When 
operating over long periods of time the above accuracy is only 
maintained throughout both day and night for short ranges 
of the order of 10-16 miles. At greater distances up to about 
200 miles, the limit of error increases to about 2° and this can 
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be maintained for daylight working only. When the trans- 
mission is entirely overland for distances of the order of 83 to 
98 miles, the evidence supplied in Table 8 is sufficient to show 
that such direction-finding is practically useless for any naviga- 
tional purpose at nights, when most serious errors are of very 
frequent occurrence. In some cases the observing operator is 
able to judge as to whether the bearing is a good one or not, 
but this judgment does not appear to be sufficiently reliable 
to be used as a working rule. The experience of the author and 
other experimenters has shown that these variations and night 


effects are encountered at ranges down to about 30 miles over- 
land. 


When, however, the transmission is entirely oversea so as 
to be well clear of any land effects, the accuracy of observed 
bearings is maintained within the limit of 2° for night as well 
as for day working at distances which approach 60 miles; and 
even up to 100 miles, over 90 per cent. of bearings are correct 
within 2°, the limiting error under ordinary working conditions 
being about 4°. Such an accuracy is probably good enough 
for most navigational purposes. The effects of an error of even 
this magnitude can be very much reduced by taking several 
observations at intervals of, say, five or ten minutes. The above 
distances probably indicate the extreme ranges for accurate 
working for, as previously noted in the paper, many of the observed 
readings showed distinct signs of the approach of night errors as 
commonly experienced in transmission overland. Also the results 
given in Table 9 for transmission from a land station entirely 
oversea show the errors which may be incurred at distances in 
excess of 80 miles. . 


For the successful application of direction-finding to the 
navigation of ships it is therefore preferable that a clear sea 
path exists between the ship and the D.F. stations, in which 
case reliability is secured at distances of 60 to 100 miles. Should 
the path of transmission include more than about 16 miles of 
land, variable errors are likely to be encountered at night, in 
addition to the ordinary coastal error at all times. From the 
results given above, it will be evident that the taking of check 
bearings on a fixed station transmitting overland affords no 
indication whatever as to the reliability of bearings observed 
on a ship at sea at the same periods. What is usually required 
by the navigator of a ship at sea, however, is not a line bearing, 
but a position fix; but assuming the same error in wireless 
bearings to be obtainable by two or more D.I*. stations, the 
accuracy to which such a position fix can be given by simul- 
taneous observations is a matter of mere geometry. The exten- 
sion of the present investigation to cover the operation of two 
or more D.F. stations on the coast was not considered sufficiently 
useful to justify the expense involved. 

The result of the investigation which is of more scientific 
interest is that the minimum range of transmission for the 
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occurrence of the well-known phenomena of night effects on 
closed loop direction-finders is about three times as great over- 
seas as that overland. The exact ratio is possibly dependent 
upon the relative conductivities of the sea and land respectively, 
and the resulting attenuation accompanying the propagation of 
the electromagnetic waves. 


(18) Effect of the shape of the transmitting aerial on variations of 
apparent bearings 


To account for the variations in the apparent bearings which 
have formed thesubject of the investigation described in these 
Reports, a theory was put forward by Eckersley® in 1920 
which ascribed the errors to the reception of an indirect wave 
arriving at the receiver in a downward direction, the polarisation 
of this wave being such that it possessed a horizontal component 
of magnetic field in the plané of propagation, the corresponding 
electric fotce being horizontal. The direct wave travels hori- 
zontally along the earth’s surface and arrives at the recelver 
polarised with the electric field practically vertical, and the 
magnetic field horizontal and at right angles to the plane of 
propagation. This theory derives some support from the ob- 
served experimental facts that the arrival of an abnormally 
polarised wave in a direction which is not horizontal will in 
general give rise to an error in the bearing at a ground direction- 
finding station. For example, errors in the apparent bearings 
of aircraft transmitters are commonly experienced when the 
angle of elevation at the ground D.F. 1s appreciable; ¢.g., at 
an elevation of 18° the error may be as much as 60° for certain 
orientations of the transmitting aerial. Further, it has been 
shown from a study of the radiation from such aircraft trans- 
mitting aerials, that a type of bent L antenna which contains 
an unbalanced component of horizontal current will, in free space, 
emit waves which are so polarised that the electric force has 
components parallel to both the horizontal and the vertical 
portions of the transmitting aerial. In view of this possible 
explanation of the variations it was considered important to 
determine whether it was necessary for the waves to be polarised 
in a suitable manner at the transmitter in order to give rise to 
variations in bearings at a distant direction-finding station. 

Now the stations whose transmissions have been utilised 
for the observations recorded in Parts I-II of the present Report 
comprised nearly forty commercial stations scattered over Great 
Britain and Western Europe. 

With a view to ascertaining the effect, if any, of the dimen- 
sions and shape of the transmitting aerials, details of these were — 
sought from the authorities responsible for the respective stations 
whose transmissions had been used for observation purposes. 
Up to the time of writing, however, details have only been 
received for the British stations. A graphical representation 
of the variations in bearing experienced on those stations which 
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have an inverted L aerial with.a long horizontal portion pointing 
in a known direction, showed that there was no definite relation 
between the direction of the receiving station relative to the 
transmitting aerial and the variations in bearings experienced, 
whereas such an aerial should not radiate in its own plane a 
wave suitably polarised to cause variations in bearings. In 
other cases, where the transmitting aerial is known to have no 
unbalanced horizontal portions, very appreciable variations have 
been experienced during the periods of observation. Although 
the effects are necessarily somewhat difficult to establish with 
certainty, owing to the large number of other variables, such 
as distance, geographical features, etc., which accompanied 
these observations, the only general conclusion which can be 
drawn is that no evidence is supplied that the errors or variations 
in observed bearings are in any way dependent upon the radiation 
of abnormally polarised waves from the transmitter. These 
observations were made on wave-lengths from 2 to 10 km. 
employing both damped and undamped waves. | 


Originating from a suggestion made by Professor G. W. O. 
Howe in 1920, it was decided that an experimental transmitting 
station should be set up at which the conformation of the aerial 
could be altered and its effect upon a directional receiver at a 
distance could be studied. Various considerations precluded the 
possibility of the erection of an aerial of sufficient vertical and 
horizontal dimensions for the carrying out of the experiments 
at long wave-lengths, and 450 metres was ultimately selected 
as the wave-length, employing damped waves from a spark 
transmitter. From the other experiments already described 
it was known that the effects observed would not be fundamentally 
different on any other wave-lengths within wide limits, nor would 
they differ with the use of undamped waves. 


The aerial employed for these experiments was erected at 
the National Physical Laboratory and arrangements were made 
for the erection of four different aerials, viz., a plain vertical 
cage, a symmetrical T aerial, and inverted L aerials with the free 
end pointing first to the East and then to the West. Each aerial 
was erected in turn, and daily transmissions were made for two 
successive weeks employing the spark transmitter at Teddington 
on a constant wave-length of 450 metres. During this period, 
observations of the apparent bearings of the transmitter were 
made at Orford and Slough, using the installations already 
described. The complete investigation, including all the control 
experiments from both Teddington and Orford, occupied three 
months. As the experiments and the results obtained have been 
described in detail elsewhere®, only a summary of the con- 
clusions reached will be given here. 

The general conclusion to be drawn from this experimental 
investigation is that all attempts made to arrange the conforma- 
tion of the transmitting aerial so as to prevent the emission of 
radiation polarised in such a manner that the electric field is 
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horizontal and magnetic field vertical, have been unsuccessful 
in materially reducing the occurrence of night effects encountered 
at a distant direction-finding station. If, therefore, Eckersley’s 
theory of night errors is correct, the abnormally polarised com- 
ponent of the downcoming waves would appear to be due either 
to the reflecting layer not always being horizontal or to the 
effect of the earth’s magnetic field in causing a rotation of the 
plane of polarisation of the waves on reflection at the upper 
ionised layer", 3 

It should be remarked that the intensity of this reflected 
wave must quite often be greater than that of the direct wave, 
for it was frequently observed during the tests that the strength 
of signal in the maximum position of the search coil by day was 
less than the strength at night when the coil was perpendicular 
to this. 


(L9) E ffect of wave-damping wpon the variations 


In Part II of this Report® a brief comparison of the errors 
experienced on the longer wave transmissions using both damped 
and undamped waves was made and the conclusion was reached 
that no detectable difference was experienced. This conclusion 
must be qualified by the assumption that all necessary precautions 
had been taken to eliminate any possible instrumental error due 
to the use of a local oscillator for heterodyne purposes. In the 
present Report it has already been stated that one of the objects 
of the carrying out of the special experiments over 24-hour 
periods was the comparison of the effects obtained with damped 
and undamped waves. 

On the shorter wave-lengths on which direction-finding is 
employed for navigation purposes, this point is one of vital 
importance, since the progress of wireless communication generally 
demands the employment of the spark system to the smallest 
possible extent, and it is thus obviously desirable that any beacon 
transmitting stations set up for the use of ship’s direction-finders 
should if possible operate on undamped or interrupted undamped 
waves. In a paper recently published“) the author - has 
collected all the available information on the subject. A résumé 
of the previously published data showed that there had hitherto 
been little opportunity of making any comparison between the 
relative effects of damped and undamped waves upon the errors 
and variations experienced on radio direction-finders. The 
somewhat contradictory ideas which had existed in the early 
days of direction-finding were most probably due to the fact 
that previous comparisons were made between damped waves 
of length less than 1-5 km. transmitted over short or medium 
ranges and undamped waves of great length (greater than 
5:0 km.) at comparatively long ranges. The only results ex- 
tracted from the present investigation for the discussion of this 
matter were those taken under the nearest approach to the. 
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ideal conditions that seemed practicable. These ideal conditions 
being that both the damped and undamped waves should be 
identical in wave-length, and transmitted successively from the 
same aerial with as short an intervening period as possible. 
From such careful systematic observations carried out on various 
wave-lengths from 750 to 6,000 metres, it was concluded that the 
liability of wireless direction-finding to the type of errors known 
as “night effect’ is equally great with damped and undamped 
waves. The observations were mostly taken on transmissions 
over comparatively great distances overland, but since it has 
already been shown that when the path of transmission is entirely 
oversea and free from land and coastline effects, direction-finding 
with damped waves is accurate enough for most navigation 
purposes at distances up to 80-100 miles, it is to be inferred 
that equal reliability would be obtained with undamped waves. 


(20) Effect of local atmospheric conditions, rain, fog, etc. 


Throughout the whole three and a half years that this in- 
vestigation has continued no relation has been evident between 
the variations observed and the main weather conditions which 
would ordinarily be noticeable to the observer. On _ several 
occasions throughout the investigation attempts have been 
made to correlate the variations in apparent bearings with 
meteorological records. One of the main difficulties in this 
connection is the comparatively wide separation of the meteoro- 
logical recording stations, and the unsuitable location of the 
majority of these with respect to the wireless transmitting and 
receiving stations. Also in the case where these stations are 
separated by several hundred miles, the weather conditions may 
vary considerably along the path of transmission at any instant. 
Such attempts as have been made have so far led to no useful 
results. In a similar manner an inspection of records of the 
intensity of the earth’s magnetic field does not appear to be 
likely to yield any assistance, particularly since the variations 
of this quantity are of the same order by day and night. 


From the point of view of navigation an important factor 
to be noted is any effect of fog on direction-finding, since it is 
chiefly during foggy weather that the majority of direction- 
finding stations are called into action. On several occasions 
the author has taken particular notice of the existence of fog at 
times when direction-finding observations were in progress with 
a negative result. On one occasion in particular the fog was 
spread over the British Isles and a large portion of Western 
Europe, but the directional variations showed nothing beyond 
the usual day and night effects. 


It would appear from this experiment, and also the fact that 
cloud and overcast weather have no effect, that the cause of the 
variations is not to be found in the effect of the sun on the lower 
portions of the earth’s atmosphere. 
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SECTION VII.—CONCLUSIONS 


CARRE oncluding discussion on the I nvestigation 


This Report brings to a close the discussion of the results 
obtained in the investigation on the variations of apparent wireless 
bearings as it was originally planned, whereby simultaneous ob- 
servations should be carried out at two or more direction-finding 
stations. The results considered above were obtained chiefly on 
wave-lengths of the order of 450 to 750 metres, and these in general 
confirm the broad conclusions drawn in Section VI of Part II 
of this Report from the work on longer wave-lengths.* In 
considering the maximum errors encountered reference may 
be made to p. 18, on which it was stated that while extreme 
variations of bearings of 125° and 100° were experienced at 
Orford and Slough respectively, the maximum observed error 
in bearing on any station was 82-7°. The statement previously 
made as to the extreme rarity of errors in bearing exceeding 90° 
is thus adequately confirmed for the whole range of wave-lengths, 
450 to 9,000 metres. 

One marked contrast that has been noticed between the 
effects on long and short waves is that whereas on the long waves 
the phenomenon known as “ absence of signal minimum ” is not 
very frequent at night, on the shorter waves this occurs very 
often and at times more than half the possible observations have 
been missed through failure to detect any minimum signal 
position for the frame coil or goniometer. This phenomenon 
obtained on a direction-finder with a plane vertical loop indicates 
definitely that the horizontal component of the magnetic field 
of the arriving wave can at times be of elliptical and circular 
rotating form in addition to its more usual linear form. Also 
for a range of about 100 miles it has usually been noticed on 
these occasions at night that the signal strength in the true 
minimum position is (judged aurally) at least as strong as the 
signal strength in the maximum position in the daytime. 

Another distinction between long and short wave working 
that has frequently been noticed is that the rate of change of 
the apparent bearing at night is much greater on short than on 
long waves. The actual rate of change on short waves is very 
difficult to specify on account of the almost continuous change 
in character of the signal minimum which accom pata the 
variation. 

Beyond the remarks made in the concluding section Part II,+ 
it has not proved possible to make any more definite statement 
on the times of the change from day to night conditions at 
various periods of the year. _ 

The results obtained as described in this present Report confirm 
the previous conclusions that the extent of the night variations 
which are negligible for distances of less than 30 miles overland 


* See Bibliography, p. 53, ref. 5, P. 103. 
+ Ibid. 
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increase rapidly with distance up toa maximum for about 
100 miles, beyond which no appreciable change in’ the nature or 
extent of the variations has been noticed: A fresh fact brought 
to light in the work on the ship transmitting stations, however, 
is that the minimum distance for night variations to be appreciable 
when the transmission is entirely oversea is about three’ times 
the above limiting distance for overland working. This is’ of 
ereat importance in the application of direction-finding to marine 
navigation and it is perhaps fortunate that the usual conditions 
connected therewith are accuracy in observed bearings at. dis- 
tances which are usually less than 50 miles and never greater 
than 100 miles, and which are entirely oversea. It is now known 
that under such conditions direction-finding is sufficiently accurate 
for navigational purposes. Some information is provided trom 
these results as to the magnitude of the errors’ which are 
encountered when the direction of the transmission is within a 
few degrees of the tangent’ to the coastline. Based on the 
experience of the use of direction-finders on board ship, it is now 
becoming customary to mark out on charts the! ‘‘ arcs of good 
bearings” of various transmitting stations, which within the 
limits of such arcs are found to be reliable for direction-finding 
purposes,‘ ) 

From various portions of the investigation in which it was 
possible to make a direct comparison between damped: and 
undamped waves, it has been concluded that no effect attributable 
to the wave-damping has been’ observed: In the experiments 
on the wave-lengths employed for marine navigation no un- 
damped wave transmissions could be obtained entirely oversea, 
but in overland working the errors and effects encountered were 
of the same order for damped, undamped and interrupted un- 
damped waves! At alater date it may become possible to repeat 
the comparison under conditions more closely allied to those 
used for navigational purposes. 


’ On the purely scientific side of the investigation and as a 
point of interest in connection with the theoretical explanation 
of the variations, it has been shown that it is not necessary for 
the'transmitting aerial to have any unbalanced horizontal com- 
ponents in order to produce the usual night effects on'a direction- 
finder. On the moderately small scale upon which these particular 
experiments were carried out, a vertical transmitting aerial was 
shown to be equally as effective as one of the inverted L type 
in regard to the observed errors in So haben bearing and flatness 
of the signal minima. 

It is considered to be somewhat out of place to pursue the 
theoretical side of the subject any further in this Report. The 
aim has rather been to present, in an orderly manner, a record 
of the results of the investigation, with a discussion thereof, 
in order that they may form the basis for further study and the 
making of theoretical deductions in the future. Since the cessa- 
tion of this investigation observations on a restricted scale have 
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been continued at the Radio Research Station at Slough. These 


are particularly directed towards the settlement of one or two 


points which at present remain in a somewhat unsatisfactory 


state. Other experimental researches are also being pursued 
along lines which were directly suggested from this investigation. 


Two papers of interest in this connection have already been 


published“*, describing the beginning of a study of the propa- 
gation of wireless waves over the earth’s surface by means of 
directional and intensity measurements of both the electric and 
magnetic fields of the incoming waves. One of the methods 
employed has enabled a direct determination of the effective 
conductivity of the earth to be made at wireless frequencies, 
this factor being of considerable importance in the general study 
of the propagation of waves. 

The second and more recent paper referred to above describes 
experiments which definitely prove that some of the wireless 
waves received at the earth’s surface from a transmitter have 
travelled via the upper regions of the earth’s atmosphere. The 
angles of incidence and relative intensities of such downcoming 
waves have been measured; and the results show that the 
variations in apparent bearings on closed-loop direction-finders, 
which form the subject of this Report, are directly attributable 
to these downcoming waves when they have suitable intensity, 
phase, and polarisation. 
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